vii Foreword A griculture is dynamic, and meeting the ever-increasing needs of a growing global population has required expanding application of science in agriculture to overcome barriers to improving productivity. We have acquired a tremendous storehouse of evidence-based knowledge about crop response to site-specific conditions and management practices. The reality of climate change promises to magnify the challenge of meeting future needs since crop performance and responses at any site on this planet are likely to differ from past responses due to shifts in climate and weather patterns. Knowing how crops will respond and by what degree is essential to agriculture's ability to adapt to climate change and have the greatest probability of continuing to meet societal needs.
Crop models and the data to run them are essential for reliable prediction of crop response, to guide on-farm practices, and to develop policy adjustments. The interactive nature of crop growth factors and their intense spatial and temporal variability make models critical for meeting this challenge. This book provides guidance to modelers as well as to those conducting research with the potential to generate data sets useful in the improvement, validation, and application of those models.
The Tri-Societies-American Society of Agronomy, Soil Science Society of America, and Crop Science Society of America-believe that the improved synthesis of existing knowledge of how climate impacts crop growth and development is urgently needed. This book represents a significant contribution in meeting that need.
Introduction
C limate change has a multitude of dimensions and impacts in space and time.
It is often assumed that climate change projections of a 2°C temperature increase or a 10% change in precipitation apply uniformly across the globe. However, the recent analysis of climate change in the US National Climate Assessment (Walsh et al., 2014) reveals that changes in temperature and precipitation have not been uniform across the United States, nor will the projected changes occur uniformly. This same holds true for the world assessment relative to agriculture (Porter et al., 2014) . There is an increasing concern for food security relative to the changing climate. Hatfield et al. (2014) pointed out that climate change will place more of a stress on both plant and animal production systems in the future, and this level of stress may increase to the point that adaptation strategies may not be sufficient to preserve the production potential required to supply the food demands for an increasing population. Production of food and livestock are not the only systems affected. We can expect major impacts on weeds, diseases, and insects, leading the potential for more pest pressures and an increased effect on the quality of our natural resources. These concerns have prompted a whole new focus on how we can assess what the impact will be of climate change on crop response. To address this topic, we convened a symposium at the 2014 ASA, CSSA, and SSSA international meeting on the current state of knowledge on how we could improve our models to assess climate change effects on crop response. We thank the participants in this symposium for their outstanding contributions to the success of this effort and the ensuing dialog about the status of climate impacts on agriculture.
There have been previous reports on the impact of climate change on crops, rangeland, and pasture Izaurralde et al., 2011) . These reports highlight the need for expanded understanding of the impact of climate change on agricultural systems through the use of improved experiments to quantify the interactions of temperature, water, and nutrients with the backdrop of a changing CO 2 concentration in the atmosphere and the use of crop simulation models to extend these results into potential climate scenarios for our future world. The latter component is the focus of the Agricultural Model Intercomparison and Improvement Project (AgMIP), as outlined by Rosenzweig et al. (2013) .
This volume focuses on considerations that need to be undertaken in crop models to help to improve model performance and account for the changes in the climate and crop physiological and productivity responses. These chapx ters blend experimental data with evaluation of crop models using some of the innovative experiments conducted. Boote et al. (2016a) demonstrated that testing of crop models requires approaches to continally evaluate models using the best available data. All models require data, and Boote et al. (2016b) described the data structure for model testing and evaluation using the concept of sentinel site data and the use of platinum, gold, and silver quality definitions for data sets. The description as to what is involved at each quality grade will help crop modelers and experimentalists understand what is contained in each data set and how it may be most appropriately used in model evaluation and improvement. The goal of this classification is to guide the development of data sets that may be used in more robust evaluation of crop models and to identify the key elements needed in data sets. One of the key components in assessing the impact of climate change is the water and CO 2 exchanges by a crop canopy. and offer two approaches to understand the variation of energy and carbon fluxes from corn and soybean canopies under field conditions and then an effort on the evolution of our understanding of measurement techniques for evapotranspiration. There is a major effort underway to evaluate the ability of crop models to estimate the yearly and growing season evapotranspiration from crops, and this chapter provides insights into how we have evaluated and quantified the evapotranspiration process using a variety of methods.
All of the chapters in this volume provide a unique perspective on crop modeling and experimental approaches to obtain high quality data. These efforts will continue to expand as we gather more information on the effect of changes xi in climate on agriculture. The insights provided in these chapters continue to advance science and showcase how we can improve our ability to measure different responses but also incorporate that knowledge into crop models that can detail the impacts of our changing climate. The chapters assembled in this volume Improving Modeling Tools to Assess Climate Change Effects on Crop Response offer these insights from multiple perspectives in the agricultural system. We are indebted to these authors who have graciously shared their knowledge with us in the preparation of this volume, and we thank them for their efforts.
